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Purpose: Unlike abdominal aortic aneurysm repair, little information exists regarding aortic-related morbidity (synchro-
nous/metachronous aneurysm or graft-related complications) after thoracoabdominal aneurysm (TAA) repair. This
study was performed to define such events and identify factors related to their development.
Methods: Over a 15-year interval, 333 patients underwent TAA repair (type I, n 90; 27%; type II, n 59; 18%; type III,
n  118; 35%; and type IV, n  66; 20%). Late aortic events were defined as aortic disease causing death or necessitating
further intervention or graft-related complications (infection, pseudoaneurysm, branch occlusion) after hospital dis-
charge. Variables were assessed for their association with aortic events with Cox proportional hazards regression.
Results: In-hospital mortality occurred in 28 patients (8.4%), which left 305 available for follow-up (mean length of
follow-up, 26 months; interquartile range, 2.7 to 38.4 months). After TAA repair, aneurysm remained in 60 patients
(19.7%; ascending/arch, n  41; 68.3%; discontinuous infrarenal, n  12; 20%; contiguous descending, n  7; 11.7%;
contiguous abdominal, n  4; 6.7%). Events occurred in 33 individuals (10.8%) at 30  27 months after surgery.
Twenty-four patients (73% of events; 7.9% of cohort) had aortic-related events, including another elective aneurysm
repair (n  16), urgent/emergent aneurysm operation (n  5), acute dissection (n  2), and atherothrombotic
embolization (n  1). Nine patients (27% of events; 2.9% of cohort) had graft-related incidents, including renovisceral
occlusion (n  5), visceral patch pseudoaneurysm (n  2), graft infection (n  2), and graft-esophageal fistula (n  1).
Variables independently predictive of events were female gender (odds ratio [OR], 2.3; P .03), initial aneurysm rupture
(OR, 4.8; P  .04), partial disease resection (OR, 4.2; P  .0008), and expansion of remaining aortic segments on
imaging surveillance (OR, 2.5; P .03). The event-free survival rates were 96% (95% CI, 93% to 98%) and 71% (95% CI,
60% to 83%) at 1 and 5 years.
Conclusion: Late aortic events occur in at least 10% of patients after TAA repair and are usually the result of native aortic
disease in remote (or noncontiguous) aortic segments. Graft-related complications, in particular, degeneration of
inclusion anastamoses, are rare. Female gender, original presentation with rupture, and unresected disease identify those
at highest risk. These findings verify the anatomic durability of TAA repair and suggest indefinite aortic surveillance is
indicated for those at risk of events. (J Vasc Surg 2003;37:254-61.)
The risk of complications related to aortic reconstruc-
tion for aneurysmal disease does not end with discharge
after surgical repair. In addition to specific graft-related
complications, such as infection and anastomotic pseudo-
aneurysm, progressive aneurysmal degeneration in remote
or contiguous aortic segments occurs commonly, particu-
larly in those patients with either extensive aneurysms at
presentation or a vigorous (albeit undefined) aneurysm
diathesis. Current data indicate that synchronous or meta-
chronous aortic aneurysms, whether they have been previ-
ously repaired or develop subsequently, may be evident in
up to one half of patients undergoing thoracoabdominal
aneurysm (TAA) repair.1-5 Indeed, determination of the
extent of resection is a common clinical dilemma in patients
who undergo evaluation for TAA repair because modestly
dilated aortic segments, not needing resection on their own
merits, are often noted in these patients.
Late outcomes after open abdominal aortic aneurysm
(AAA) repair have been studied and establish that conven-
tional AAA repair is a durable procedure.6,7 However, TAA
is relatively uncommon compared with AAA, and clinical
experience with these complex lesions has been concen-
trated in referral-based centers. Thus, little information
exists regarding graft and aortic events encountered after
TAA reconstruction. Because of varying etiology, such as
aortic dissection and connective tissue diseases, the more
extensive nature of the aortic lesion, and the additional
renovisceral and intercostal revascularization techniques
necessary for repair, the lasting success of TAA reconstruc-
tion has been questioned.2,8 When aortic dissection or
connective tissue diseases, such as Marfan’s syndrome, are
involved, repetitive aortic operation is commonplace.9-12 It
has been estimated that subsequent clinical events from
aortic or graft-related issues may occur in up to one third of
TAA cases after repair.2 Specifically, degeneration of inclu-
sion button anastomoses remains a conceivable limitation
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to these reconstructions, as recently emphasized.8 Further-
more, recent advances verify the technical possibility of
endovascular repair of the visceral aortic segment and,
consequently, TAA.13 Since this technology is likely to
improve and make endovascular repair a realistic option, it
is important to document the durability of open repair
before meaningful evaluation of endoluminal grafting may
occur. We reviewed our experience with TAA repair over a
15-year interval to define late aortic and graft-related events
and to identify factors associated with their development.
PATIENTS AND METHODS
From January 1987 to December 2001, 333 patients
underwent TAA repair. Aneurysms were classified by Craw-
ford’s method (type I, n  90; 27%; type II, n  59; 18%;
type III, n  118; 35%; and type IV, n  66; 20%; Fig 1).
In-hospital mortality occurred in 28 patients (8.4%), which
left 305 available for late follow-up purposes. Our preferred
operative method is a modified clamp and sew inclusion
technique with adjuncts aimed at visceral, renal, and spinal
cord protection as described elsewhere.14 We maintain an
aggressive posture toward intercostal revascularization, and
indeed, in a recent compilation of our TAA cohort, some
70% of type I and II repairs included some form of inter-
costal reconstruction.3 Preoperative, intraoperative, and
postoperative variables, including aneurysm characteristics,
were recalled from a prospectively maintained database.
Outpatient, inpatient, and radiologic records were queried
for postreconstruction follow-up. Our standard follow-up
protocol has included physical examination and computed
tomographic scan of the aorta and graft at 1 year in all
patients, with yearly scans performed in those with abnor-
mal aortic segments “under observation” and when indi-
cated by clinical circumstances.
Late aortic events were defined as clinical events due to
aortic disease causing death or necessitating further inter-
vention or graft-related complications after hospital dis-
charge and at least 30 days after TAA repair. Aortic disease-
related events were defined as those occurring in the
retained native aorta and with no relationship to the TAA
prosthesis. Conversely, graft-related complications resulted
as a direct consequence of the prosthetic replacement of the
thoracoabdominal aorta. Preoperative variables studied in-
cluded age, gender, hypertension, smoking, pulmonary
disease, coronary artery disease, preoperative serum creati-
nine level, and family history of aneurysm. Smoking was
defined by both current smoking and a history of tobacco
abuse. Coronary artery disease was considered present
when historic or clinical evidence (electrocardiogram, non-
invasive imaging) of disease was found. Pulmonary func-
tion studies are routinely obtained before surgery and were
the basis for evidence of preexisting pulmonary disease.
Aortic factors were based on determination of aneu-
rysm etiology, extent, presence of rupture or dissection,
and annotation on preoperative imaging of associated reno-
visceral occlusive disease. Operative variables analyzed in-
cluded cross-clamp times, transfusion requirements, renal
or visceral bypass grafting, and adjuncts requiring manipu-
lation of the aorta (distal perfusion and in-line mesenteric
shunting). Determination of incomplete resection of all
aneurysmal aorta at the time of TAA repair was made,
combining preoperative imaging details and operative no-
tation of disease extent resected. Urgent cases were defined
as those with either rupture or presentation with back/
abdominal pain necessitating observation in an intensive
care unit and operation within 48 hours of admission.
Postoperative variables analyzed for association with fur-
ther aortic difficulties included the major complications of
Fig 1. Aneurysm extent with Crawford’s classification in 333 TAA repairs over 15 years. After 28 inhospital deaths
(8.4%), 305 patients remained for late study.
JOURNAL OF VASCULAR SURGERY
Volume 37, Number 2 Clouse et al 255
spinal cord ischemia, renal failure, cardiac and pulmonary
complications, and -blockade use during follow-up and
retained aortic enlargement. Expansion of the remaining
native aorta was noted when postoperative imaging records
considered changes significant (diameter increases  5
mm) from the time of TAA operation.
Data were entered into an Excel for Windows (v97)
spreadsheet (Microsoft, Inc, Redmond, Wash). Data were
transferred to a statistical software package, and univariate,
multivariate, and actuarial analyses were performed. Times
were recorded in months and reported as mean standard
deviation or with interquartile ranges. The univariate influ-
ence of dichotomous and continuous variables on the de-
velopment of late aortic events was determined with Cox
proportional hazards analysis. Multivariate Cox propor-
tional hazards regression models were constructed with the
Hosmer-Lemeshow stepwise technique. Adjusted odds ra-
tios were reported. Postoperative event-free survival was
determined with a Kaplan-Meier estimate.
RESULTS
During the 15-year interval from January 1987 to
December 2001, 333 patients underwent TAA repair. An-
eurysm extent included: type I, n 90 (27%); type II, n
59 (18%); type III, n  118 (35%); and type IV, n  66
(20%; Fig 1). We have recently reported the demographics,
perioperative results, and long-term survival in this cohort.3
Nonfatal complications of operation included spinal cord
ischemia in 11.4%, with complete paraplegia in 6.6%, and
renal insufficiency in 45 patients (13.5%), with hemodialy-
sis necessary in 16 (4.8%). By far the most common cause of
postoperative morbidity was pulmonary problems, which
were manifest in 44% of patients. The overall survival rate
was 67.2%  5% at 5 years. In-hospital mortality occurred
in 28 patients (8.4%), which left 305 available for late
follow-up purposes. The mean follow-up period was 26
months (interquartile range, 2.7 to 38.4 months). At least
1 year of clinical and radiologic follow-up was available in
188 of the cohort (62%). All patients followed for at least 1
year had follow-up imaging. At the time of TAA repair,
complete resection of aortic aneurysmal disease was accom-
plished in 245 (80.3%) and disease remained in 60 (19.7%),
mostly in remote aortic segments. Aneurysmal disease was
defined as aortic diameter at least 50% greater than normal.
Remaining aneurysmal disease involved the ascending/
arch (n  41; 68.3%), discontinuous infrarenal (n  12;
20%), contiguous descending (n  7; 11.7%), and contig-
uous abdominal (n  4; 6.7%) segments. Of these 305
patients, 85 (28%) had undergone aortic surgery before
TAA surgery, 38 (12.5%) presented with rupture, and 56
(18.4%) had dissection. Urgent/emergent repair was nec-
essary in 69 cases (22.6%). Associated visceral occlusive
disease and renal occlusive disease were present in 62
patients (20.3%) and 102 patients (33.4%), respectively.
However, only 22 patients (7.2%) needed separate visceral
bypass grafting (ie, noninclusion button reconstruction)
and 206 (67.5%) had renal artery bypass grafts. This reflects
our preference to use a side-arm 6-mm polytetrafluoroeth-
ylene graft when revascularization of the left renal artery is
necessary. Our general approach to visceral aortic segment
reconstruction incorporates the use of beveled anastomoses
when feasible for types I and IV aneurysms and a visceral
inclusion button for the celiac, superior mesenteric, and
right renal arteries in repair of type II and III aneurysms.
Intercostal artery management with inclusion anastomosis
or rarely bypass grafting was performed in 61 type I and II
aneurysms (44%) and 16 type III and IV aneurysms (9.6%).
In 70 type III and IV lesions (42%) and 42 type I and II
repairs (30%), intercostal preservation was accomplished
with beveling the proximal or distal anastomosis. Distal
perfusion techniques were used in 20 cases (6.6%). We use
these methods in a highly selective subset of patients, such
as those with renal insufficiency requiring operation and
those in whom the proximal anastamosis is technically
complex.3 In-line mesenteric shunting was used in 82 cases
(27%). During the duration of follow-up, significant expan-
sion (5-mm increase in diamteter) of the remaining native
aorta on imaging (largely computed tomographic scan) was
noted in 70 of the 305 patients (23%). All patients with late
clinical aortic and graft-related events underwent imaging
at the time of the event.
Late aortic and graft-related events occurred in 33
patients (10.8%) during the follow-up period at a mean
postoperative interval of 30 27 months (Table I). Twen-
ty-four patients (73% of events; 7.9% of cohort) had aortic
disease-related events develop, and nine patients (27% of
events; 2.9% of cohort) had 10 graft-related complications
develop. Graft-related complications included occlusion of
renal or visceral vessel reconstruction (n 5), anastomotic
pseudoaneurysm (n  2; both visceral patch pseudoaneu-
rysms), graft infection (n 2), and graft-esophageal fistula
(n  1). One patient had visceral patch pseudoaneurysm
Table I. Late aortic and graft-related events after
thoracoabdominal aneurysm repair
No. of patients Events Cohort
Aortic disease-related events 24 73% 7.9%
Elective aneurysm repair 16 48.5% 5.2%
AAA 4
Ascending/arch 8
Thoracic 2
Redo TAA 2
Nonelective aneurysm repair 5 15.2% 1.6%
Ascending/arch 3
Redo TAA 2
Acute dissection 2 6.1% 0.7%
Atherothrombotic
embolization
1 3.0% 0.3%
Graft-related events 9 27% 2.9%
Occlusion of renovisceral
reconstruction
5 15.2% 1.6%
Visceral patch
pseudoaneurysm
2 6.1% 0.7%
Graft infection 2 6.1% 0.7%
Graft-esophageal fistula 1 3.0% 0.3%
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develop 3 years after repair while undergoing surveillance
and also had renal insufficiency develop due to right renal
artery occlusion. The other visceral patch aneurysm case
was seen with rupture 5 months after repair. Aortic disease-
related events included elective repair of another aneurysm
(n 16), urgent/emergent aneurysm repair (n 5), acute
dissection requiring emergent operation (n 2), and athe-
roembolism (n  1). Eight patients who underwent elec-
tive repair of another aneurysm were considered disease free
after TAA repair and the subsequent aneurysm was found
on surveillance imaging, and the other eight had a known
aneurysm that went on to need resection on the basis of
follow-up imaging. All five patients who underwent ur-
gent/emergent repair of another aneurysm underwent
complete resection of disease at initial TAA repair and had
been undergoing surveillance. All graft-related complica-
tions occurred within 3 years of TAA repair, and graft-
related events occurred significantly sooner than aortic-
disease related events (12.6  10.5 months versus 34.0 
23.0 months; P .01). In the 33 patients with late events,
nine deaths occurred, with seven (21% of patients with
events) a direct result of either graft-related complication
(n 2) or ruptured aortic aneurysm (n 5). Operation for
the late event was undertaken in 26 of the 33 patients
(79%), with an operative mortality rate of 23% (six pa-
tients). One patient with visceral side branch occlusion and
ischemic gut did not receive an operation. After reopera-
tion, two patients had progression to hemodialysis and one
was paraplegic after visceral inclusion button rupture. Ac-
tuarial freedom from late aortic or graft-related event was
96% (95% CI, 93% to 98%) and 71% (95% CI, 60% to 83%)
at 1 and 5 years, respectively (Fig 2). Freedom from aortic
disease-related events was 98% (95% CI, 96% to 99.8%) at 1
year and 76% (95% CI, 64% to 88%) at 5 years. Survival free
from graft-related complication was 95% (95% CI, 92% to
99%) at 2 years.
Evaluation of the effects of preoperative, intraopera-
tive, and postoperative variables and aortic factors on uni-
variate association with the occurrence of late aortic and
graft-related events is presented in Table II. When variables
are considered together over time with multivariate Cox
proportional hazards modeling with Hosmer-Lemeshow
stepwise regression, four factors prove independently pre-
dictive for the occurrence of late event (Table III). These
include female gender (odds ratio [OR], 2.3; 95% CI, 1.03
to 5.3; P  .03), partial resection of aortic aneurysmal
disease (OR, 4.2; 95% CI, 1.9 to 9.4; P  .0008), expan-
sion of the remaining native aorta (OR, 2.5; 95% CI, 1.1 to
5.6; P  .03), and initial aneurysm rupture (OR, 4.8; 95%
CI, 1.2 to 20.6; P  .04). No independent correlation
between aneurysm etiology (ie, dissection versus degener-
ative), extent of disease, associated side-branch occlusive
disease, preoperative comorbidities, perioperative compli-
cations or the use of -blockade after surgery and the
development of late aortic or graft-related events was
found.
DISCUSSION
With improved understanding of the natural history of
TAA, repair has been shown to favorably affect survival in
patients with aneurysms of the thoracoabdominal aor-
ta.4,15-17 Recent reports have focused mainly on progress in
reducing perioperative morbidity and mortality in TAA
surgery with the use of operative adjuncts, such as epidural
cooling, cerebrospinal fluid drainage, distal perfusion, and
monitoring of motor evoked potentials.3,18-23 However,
the subsequent natural history of the remaining native aorta
and clinical course of the prosthetic graft have been studied
infrequently. Understanding the frequency and character-
istics of patients in whom late aortic and graft-related events
develop after TAA reconstruction may potentially aid in
planning operative and postoperative strategies in addition
to serving as a benchmark for future endovascular recon-
struction technologies.
Precedent for the durability of graft replacement of
aortic aneurysm emanates from the literature regarding
Fig 2. A, Actuarial (Kaplan-Meier) freedom from late aortic dis-
ease-related event and graft-related complication in 305 patients
who underwent TAA repair. B, Freedom from late aortic disease-
related event alone after TAA repair. Estimated events remain rare
over initial postoperative years and increase in incidence during
years 3 to 5.
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AAA reconstruction. In a Rochester, Minn, population-
based study of outcome after open AAA, 6.8% of patients
had late (30 days) graft-related complications develop,
including anastamotic pseudoaneurysm, limb thrombosis,
graft-enteric erosion, and graft infection.7 Survival free
from abdominal aortic graft–associated complication was
93% at 5 years. Similarly, Biancari et al6 recently performed
a 15-year follow-up study of AAA repair and found late
graft-related complications developed in 15% with freedom
from graft-related difficulty 92% and 72%, respectively, at 5
and 15 years. Several reasons exist why both the aorta and
graft may be less durable in TAA repair than in AAA
reconstruction. Chronic dissection is responsible for 20% of
TAAs requiring operation.3,5 By necessity, proximal and
distal suture lines may be placed in dissected and weakened,
although not aneurysmal, aorta. Also, it is apparent that
areas of retained unresected dissection may undergo con-
tinuing degeneration and expansion, potentially necessitat-
ing further resection.10,24,25 Unlike AAA repair, in which
15% to 20% of patients are women, in TAA reconstruction,
women equal the number of men.3 Female gender has been
reported to constitute an independent risk for aneurysm
rupture and worse surgical outcome after aneurysm sur-
gery.16,26-28 This larger proportion of women may imply
enhanced potential for further aortic and graft-related
events after TAA repair. Because of the more technically
complex nature of TAA repair, including renovisceral and
intercostal artery reconstructions and use of inclusion but-
ton anastomoses, which, by definition, retain part of the
aneurysm wall, more graft-related complications might be
anticipated. Finally, partial resection of diseased aorta may
be appropriate in some patients with TAA, thus leaving
mildly ectatic segments that do not need resection on their
own merits. This, in fact, is a common judgement consid-
eration in TAA resection. However, such remaining aortic
areas may well predispose such patients to subsequent
aortic and graft-related problems.
In Crawford’s summary experience,4 some 5% of 1386
patients who survived longer that 30 days after TAA recon-
struction had late death from a recognized aortic or graft-
related difficulty.4 As death was the endpoint addressed,
this must be considered a minimum incidence rate for
aortic and graft-related events. More recently, Schepens
and colleagues2 evaluated 172 consecutive TAA repairs. Of
the 154 who survived operation, 32% had a late aortic event
described as disease-related in two thirds and operation-
related in one third. Of late deaths, 12.5% were related to
the aorta. Also, a recent study by Rectenwald and col-
leagues,29 although not directly evaluating the durability of
TAA repair, investigated functional outcome at discharge
and then 1 year after discharge. The authors questioned the
overall benefit of repair because one third of elective pa-
tients and two thirds of urgent/emergent patients were
either dead, nonambulatory, or living in a long-term facility
after 1 year. The in-hospital mortality rate in their series was
17.8%, and the 1-year survival rate was 67%. These conclu-
sions, while they address the sobering potential conse-
quences of TAA reconstruction, may well be different when
mortality rates, such as in our experience, are quite differ-
ent.3 The range of incident aortic events in the few studies
documented and the unresolved discussion regarding func-
tional consequences of TAA operation illustrate gaps in our
knowledge concerning outcome after repair for complex
aneurysmal disease. This discrepancy has served as the
impetus for both a recent evaluation of visceral patch dura-
bility8 and this broader report.
Table II. Univariate analysis of variables associated with
late aortic events
Variable P value
Preoperative
Age (y) .40
Female gender .03
Hypertension .16
Smoking .06
Pulmonary disease .14
Coronary artery disease .45
Serum creatinine level (mg/dL) .71
Family history of aneurysm .36
Aortic factors
TAA type .74
Prior aortic surgery .79
Rupture .30
Dissection .21
Visceral occlusive disease .67
Renal occlusive disease .71
Marfan’s syndrome .68
Inflammatory/infected .77
Intraoperative
Urgent/emergent .46
Distal perfusion .36
Inline mesenteric shunting .12
Operative transfusion (L) .08
Total aortic cross-clamp time (min) .84
Visceral cross-clamp time (min) .08
Operative time (min) .66
Renal bypass graft .88
Visceral bypass graft .85
Incomplete resection of aneurysmal aorta .0001
Postoperative
-blockade .26
Spinal cord ischemia .68
Renal failure .54
Pulmonary complications .59
Cardiac complications .08
Expansion of retained native aorta .0004
Cox proportional hazards modeling evaluating effect of each variable.
Table III. Regression analysis modeling indicating
independent predictors of late aortic event
Variable OR (95% CI) P value
Initial aneurysm rupture 4.8 (1.2-20.6) .04
Partial resection of aneurysmal aorta 4.2 (1.9-9.4) .0008
Remaining aortic expansion 2.5 (1.1-5.6) .03
Female gender 2.3 (1.03-5.3) .03
Cox proportional hazards regression with Hosmer-Lemeshow stepwise
technique. Other nonsignificant factors in final model: smoking, operative
transfusion requirement, urgent/emergent indication.
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In this study, repair was quite durable at 1 year as
freedom from late event was 96%; however, at 5 years, with
actuarial estimation, a significant proportion of patients
(29%) may have a clinical aortic event. Similar to Schepens
et al’s2 experience, further definition of these events re-
vealed the great majority (73%) related to progression of
native aortic disease, specifically, subsequent aortic recon-
struction in 7.5% of our cohort. These native aortic events
occurred an average of nearly 3 years after TAA operation.
This is not surprising considering 28% of our surviving
patients had already had a prior aortic reconstruction and
nearly 20% had synchronous aortic aneurysm at the time of
TAA repair. Indeed, previous series have reported a 3% to
13% incidence rate of multiple aortic aneurysms in those
undergoing aortic aneurysm repair, with estimates indicat-
ing between one quarter to one half of patients with TAA
having either undergone a previous aortic aneurysm resec-
tion or having synchronous proximal aneurysm.1-5,30,31
Further exemplifying that aortae in this patient population
remain at risk, freedom from native aortic disease-related
events was 98% at 1 year but fell to 76% at the 5-year mark.
These findings reiterate that in patients undergoing TAA
repair, remaining aortic segments have heightened poten-
tial for degeneration, leading to clinical problems that must
be addressed in the long-term health maintenance of these
patients. Specifically, aortic surveillance imaging, especially
in those noted to be at increased risk in this study (women,
rupture presentation, remaining aortic disease, aortic
changes after repair) is justified.
Graft-related complications occurred infrequently (3%)
at an average of 1 year after operation. Although all graft-
related complications have occurred by 3 years after recon-
struction, actuarial freedom from graft-related event was
estimated at 95% at 2 years. The most common complica-
tion was clinically evident occlusion of renovisceral recon-
structions. Both pseudoaneurysm of the visceral inclusion
button and graft infection have occurred rarely in our
experience, each accounting for only 6% of late events in
less than 1% of our patients, and we have identified only one
graft-esophageal fistula. The durability of TAA anastomo-
ses, specifically the visceral inclusion patch, remains suspect
in the literature. In Crawford’s summary experience, 2% of
late deaths were the result of anastomotic distruption.4 Of
the survivors in Schepens et al’s2 series, 3% went on to
anastomotic pseudoaneurysm. Recently, the direct ques-
tion of visceral patch strength was evaluated by Dardik and
colleagues.8 These authors followed 107 patients with type
I, II, and III disease with visceral inclusion button anasto-
moses and found that eight (7.5%) had visceral patch
aneurysm develop an average of 6.5 years after repair. In
their experience, the authors found a significantly greater
rate of patch aneurysm formation in those with connective
tissue disorders (18%), and rupture occurred only when the
visceral segment was at least 6 cm. Both of our visceral
inclusion button anastomotic aneurysms have ruptured
(one 6.5cm and the other 7.0 cm), but both occurred
within 3 years of operation and neither patient had connec-
tive tissue disease. It is evident that inclusion button anas-
tomoses have the potential for aneurysmal degeneration,
and the technical implications of this are clear. Specifically,
one may limit the amount of residual native aorta in such
buttons by bringing the sutures directly to and perhaps
within the visceral/renal vessel orifices. Technical maneu-
vers to facilitate the same have been reviewed elsewhere.14
However, our experience and the reports of others indicate
that inclusion button anastomoses are durable.2,8 This may
not be true in patients with connective tissue disorders,
such as Marfan’s syndrome, as our study had too few
patients to directly assess this concern.
Factors correlated with late aortic or graft-related
events seem intuitively logical. Patients with rupture may
have a less than ideal reconstruction from a disease resec-
tion standpoint to prevent death and perioperative organ-
specific complications. Indeed, in our recent perioperative
evaluation of these patients, aneurysm rupture was associ-
ated with increased risk of spinal cord ischemia and early
mortality.3 The correlation between aneurysm rupture and
enhanced risk for late complications has recently been
reported in patients with infrarenal AAAs.32 Similarly,
when resection of aneurysmal disease is incomplete at TAA
repair, or when metachronous native aortic aneurysm de-
velops, the natural history of aortic aneurysm can be antic-
ipated with expansion proceeding to eventual operation or
rupture. Finally, as mentioned previously, women represent
a greater proportion of patients with complex aneurysms
compared with AAA, and the negative impact of female
gender on aneurysm prognosis and outcome has been
recently emphasized.3,16,26-28 Whether this observation
represents a gender-based diagnostic delay, a poor under-
standing of female aortic size/stress relationships, or hor-
monal effects is unclear.
Limitations of this study are intrinsic to its method and
source: a retrospective evaluation of prospectively obtained
data in a referral-based tertiary care center. Follow-up was
variable with a wide range indicating ongoing risk, dispar-
ate imaging data among subjects, and potential endpoint
loss as many patients are referred from a distance and
follow-up may be difficult. Our report likely represents a
minimal occurrence of late aortic and graft-related events
because only 62% of patients had imaging at least 1 year
after repair and clinically silent aortic or graft problems may
be unrecognized. Also, it is difficult to project our experi-
ence to those in other centers because TAA reconstruction
has variable operative techniques and adjuncts that, al-
though not significant with respect to late aortic outcome
in our experience, may potentially alter the clinical course
of the aortic graft and natural history of the remaining
aorta.
In conclusion, we found that at least 10% of patients
who undergo TAA repair may have a late aortic event or
graft-related complication; furthermore, with actuarial
evaluation, although early durability is favorable, up to one
third of patients may have an event by 5 years after recon-
struction. Most of these will be from progressive disease of
the remaining native aorta, typically involving aneurysms in
aortic segments not in continuity with the original TAA
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repair. Perhaps the most reassuring aspect of this report is
that late graft-related complications appear to be rare,
identified in only 3% of our patients. Female gender, initial
aneurysm rupture, incomplete aneurysmal disease resec-
tion, and significant expansion of the remaining native
aorta on postreconstruction imaging predict the develop-
ment of late aortic and graft-related events. The importance
of comprehensive resection of aortic aneurysmal disease
when indicated was reiterated as the 60 patients (19.7%)
with remaining disease subsequently had significantly more
late aortic and graft-related events. Reoperation for late
aortic and graft-related events appears worthwhile as two
thirds of our patients survived with modest morbidity. The
presence of a prior TAA repair is not a contraindication to
further aortic surgery. Finally, the routine use of surveil-
lance imaging of the aorta in its entirety after TAA repair is
warranted, particularly in those subsets of patients at high-
est risk for late events. We recommend annual surveillance
imaging studies for all patients after TAA repair.
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DISCUSSION
Dr James M. Seeger (Gainesville, Fla). I think these are
important data because they tell us something about how to follow
patients after thoracoabdominal aortic aneurysm repair. I have got
a couple of questions for you.
First, your protocol was to get a CT scan at 1 year. Did you see
any increase in the aneurysm size after that? In other words, if the
CT scan is okay at 1 year, can we feel safe in seeing patients back
only when they have a problem?
Second, as you calculate the incidence of postoperative
changes using your entire cohort, did you lose any of these patients
to follow-up? Maybe you are better at this than we are because we
have a hard time obtaining complete follow-up in this patient
population even out to 1 to 2 years.
Dr W. Darrin Clouse. Regarding the issue of CT surveil-
lance, we routinely use computed tomography at 1 year. After that,
scanning occurred only when clinically indicated or by surveillance
when known aortic disease remained. We have seen patients with
subsequent aneurysmal degeneration in native aortic segments
remaining after repair at various time intervals some occurring
several years after the initial operation. I can tell you that in this
cohort 62% of patients had CT scanning 1 year after repair.
Dr John A. Mannick (Boston, Mass). I have one simple
question. In our experience, visceral patch aneurysms have been
confined to patients with Marfan’s syndrome. They are not very
common. Was this the case in the few visceral patch aneurysms you
had?
Dr Clouse. Neither patient had a connective tissue disease.
Dr Hazim J. Safi (Houston, Tex). I would like to congrat-
ulate you on your follow-up. I think aneurysms, you have to follow
them for life, and this is what we learn.
My question to you is about Marfan’s syndrome. In our
experience, 25% of our patients developed patch aneurysm. We no
longer use the patch; we use the side-arm commercially available.
Do you do that?
And you mentioned that you leave an aneurysm behind. Are
you going to be more aggressive in removing it with this kind of
result?
Dr Clouse. We have not used the commercially available
graft with side arms. We limit the size of the visceral patch specif-
ically by sewing directly into the ostia of the right renal, celiac, and
SMA. Should there be a substantial distance between these, we
occasionally deal with them separately or in some other combina-
tion.
With our results, I do not think we are going to change
anything but continue to adhere to the principle of limiting patch
sizes as much as possible.
Dr Peter Gloviczki (Rochester, Minn). What are the size
criteria you use for patch aneurysm? It is always a difficult decision
to take these patients back to the operating room, and I noticed
you only had two in the entire series.
And my second question is on the benefit of mesenteric
bypass, did it decrease morbidity or paraplegia?
Dr Clouse. Regarding the size of patch aneurysms, the size of
the visceral patch aneurysms in this series were 6.5 and 7 cm.
Considering this with the report from Hopkins, I think the oper-
ative size indication for a patch aneurysm is between 6 and 7 cm.
Other issues, such as occlusive problems with the renovisceral
vessels, may temper this decision. We have found no independent
correlation between inline mesenteric shunting and spinal cord
ischemia, operative mortality, or late aortic event.
Dr Michael Hiles (West Lafayette, Ind). I doubt I made your
data set, but I am actually one of these patients you talked about
and proof that survival of a patch rupture can happen. But my
question really is, do you know how many of those patients that
had late events where the ascending aorta was expanding could
have been diagnosed with surgical coarctation?
Dr Clouse. We only had one patient in this series who had a
coarctation of the aorta repaired and then subsequently developed
further aortic problems.
Dr G. Melville Williams (Baltimore, Md). I just want to
comment that perhaps your incidence of patch aneurysms is un-
derestimated because the average time we picked these up was 6.5
years. And I want to say that our experience now means that we
must follow these patients with annual CT scans for life. And I
wonder if you would comment about that. I do not think if you
leave any aorta behind, particularly in a patient with a connective
tissue disorder, that that patient is safe.
Dr Clouse. Yes, I agree. Based upon your data and the
limitations of our referral-based population, we realize that our
patients are still at risk and that visceral patch aneurysms can occur
late. I think our data have led us down a road where surveillance of
the entire aorta and graft is warranted, particularly in women or if
there is any type of remaining abnormality in the aorta. Perhaps if
someone is old, has no evidence of any aneurysmal change or
ectasia of the aorta after a complete resection, perhaps that patient
might be able to forego further surveillance. However, I think
surveillance is extremely important in patients after TAA repair.
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